The scarab beetle Cetonia aurata is known to reect light with brilliant colors and a high degree of circular polarization. Both color and polarization eects originate from the beetles exoskeleton and have been attributed to a Bragg reection of the incident light due to a twisted laminar structure. Our strategy for mimicking the optical properties of the Cetonia aurata was therefore to design and fabricate transparent, chiral lms. A series of lms with tailored transparent structures of helicoidal In x Al 1−x N nanorods were grown on sapphire substrates using UHV magnetron sputtering. The value of x is tailored to gradually decrease from one side to the other in each nanorod normal to its growth direction. This introduces an in-plane anisotropy with dierent refractive indices in the direction of the gradient and perpendicular to it. By rotating the sample during lm growth the in-plane optical axis will be rotated from bottom to top and thereby creating a chiral lm. Based on Muellermatrix ellipsometry, optical modeling has been done suggesting that both the exoskeleton of Cetonia aurata and our articial material can be modeled by an anisotropic lm made up of a stack of thin layers, each one with its in-plane optical axis slightly rotated with respect to the previous layer. Simulations based on the optical modeling were used to investigate how pitch and thickness of the lm together with the optical properties of the constitutive materials aects the width and spectral position of the Bragg reection band.
INTRODUCTION
Optical properties due to structural phenomena have long been of interest to scientists. 15 Numerous examples of such materials can be found in nature, and especially in the world of insects. With modern technology, materials can be articially tailored on the nanoscale to mimic such properties. For example many articial structural colors have been presented by others 68 who utilize bio-inspired structures. Apart from coloring, there are also many examples of interesting polarizing properties among insects. Pye showed, for instance, that circular polarization is not uncommon in various subfamilies of Hybosoridae and Scarabaeidae beetles.
9
In this work we have focused on the beetle Cetonia aurata of the Scarabaeidae family which has a brilliant metallic sheen and the ability to reect unpolarized light as almost completely circularly polarized. 
10, 11
The semiconductor material In x Al 1−x N has a high thermal stability and chemical inertness making it suitable for harsh environments. The method of fabrication (briey described below, and in more detail elsewhere 12 ) allows for a high degree of control of the structural properties and tunability of the band gap.
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where I x , I y , I +45
• and I −45
• represent the irradiance of linearly polarized light at azimuths 0 • , 90
• , 45
• and −45
• , respectively, with respect to the x-axis in a Cartesian xyz-coordiante system with the light propagating in the z-direction when looking towards the source. I r and I l represents the irradiances of right-handed and left-handed circularly polarized light, respectively. The Stokes parameters are often arranged into a vector called the Stokes vector.
When light interacts with a surface, the Stokes vector
T of the incoming light is transformed to the Stokes vector of the outgoing light,
T . This transformation can be expressed as a linear combination of the four Stokes parameters of the incident light. In vector form we have T .
The degree of polarization of a light beam is calculated from a Stokes vector as
For completely polarized light P = 1 and then Q 2 + U 2 + V 2 = I. For any light beam with less than complete polarization
Here we are studying the materials ability to reect circularly polarized light and to quantify this we use the degree of circular polarization, P c , which is calculated as
in case of unpolarized incident light the Mueller-matrix elements may be used directly and Eq. 7 can be written
and Eq. 8 as
In Eq. 10 the sign of the Mueller matrix element is kept to show the handedness, where a positive sign stands for right-handed polarization and a negative sign stands for left-handed polarization. 18 One sample was prepared for SEM ( Fig. 1 ) and two samples with opposite handedness were used for Mueller-matrix ellipsometry. The beetle species analyzed in this paper is Cetonia aurata (Linnaeus, 1758), also called rose chafer, of the Scarabaeidae family collected in Sweden and is shown in Fig. 2 . The part of the beetle that has been examined is the scutellum which is a small triangular area on the dorsal side of the beetle between the cover wings. It has been suggested that a Bouligand structure 19 is responsible for optical properties such as displayed by C. aurata and in Fig. 3 can be seen a cross section SEM image of its cuticle, which is the outer part of the exoskeleton, and a sketch of how a Bouligand structure would t in with the layered structure. Further information on the structure of C. aurata has been published by Arwin et al. 20
One specimen was prepared for SEM and a dierent specimen was used to measure the Mueller matrix using focusing optics reducing the spot size to <100 µm in diameter. 
Structural comparison
The cuticle of the beetle C. aurata is here assumed to be a twisted layered structure 20, 21 where each layer consists of long parallel formations of chitin. Each layer is rotated with respect to the previous, making the complete structure helicoidal (Fig. 3) .
The In x Al 1−x N lms consist of a columnar structure where each column forms a spiral.
12 The spirals are randomly distributed over the surface and all spirals are aligned, that is the gradient in each spiral at a certain height (a certain value of z in Fig. 1 ) has the same orientation throughout the sample. The chirality is thus two-fold with an external, spiral morphology which is due to the curving of the material as it grows, and an internal spiraling gradient in refractive index. However, optical modeling suggests that the internal chirality is responsible for the optical properties of the lm and the external chirality plays a minor role.
18 Optically the In x Al 1−x N lms can therefore be described as an eective medium with two dierent refractive indices in the plane parallel to the surface and one refractive index normal to the surface. The rst observation can be explained by the structure of the materials. A layered helicoidal structure, such as both the cuticle of C. aurata and the In x Al 1−x N lms can be approximated by, behaves like a Bragg mirror. 24
The second observation can also, at least partially, be explained by the structural properties of the materials. The aim of this study was to compare the ability to reect circularly polarized light between the cuticle of a C. aurata beetle and the In x Al 1−x N chiral nanorod lms. This is best done by taking a closer look at the degree of circular polarization, P c described in Eq. 10. In 
DISCUSSION
We have here only taken specularly reected light into account which means that all scattered light is neglected.
This might aect the visual aspects of the samples but the polarizing properties in the specularly reected light is what we are aiming to reproduce. A further limitation to our study is that only normalized Stokes vectors and Mueller matrices have been used which means we have not taken reectivity into account.
The distribution in pitch of the layered structure of the cuticle of C. aurata results in a broadening of the peak in P c , whereas the pitch of the chiral nanorods in the In x Al 1−x N lms is quite well dened and therefore results in a more narrow P c peak. The secondary peaks surrounding the main feature of the chiral nanorod (seen at 350 nm and 430 nm in the blue spectrum in Fig. 7 ) spectra are likely the result of a high pitch to thickness ratio.
24 A larger lm thickness is dicult to achieve due to broadening of the columnar structures as growth progresses and a smaller pitch would shift the peak P c value further into the UV region of the spectra. This is not of interest to us as one of our future goals is to shift the P c peak further into the visible region.
